The maximum and minimum error ratio of prediction is 12.32% and 4.17%, respectively.
INTRODUCTION
The use of concrete-filled steel-tube(CFT) columns, as shown in Fig. 1 , for the construction of high-rise buildings, bridges, barriers, etc. has become increasingly popular in recent years. These columns have demonstrated higher axial load capacity, better ductility performance,larger energy absorption capacity and lower strength degradation than conventional reinforced concrete and steel hollow section columns [1] . The enhancement of structural properties of CFT columns is mainly due to the composite action of steel hollow section and core concrete. The confining effect by the steel hollow section causes the core concrete to behave in a triaxial compressive stress state while the core concrete prevents the wall of the steel hollow section from buckling inward [2] . The concrete-filled core steel tube reinforced concrete column, as shown in Fig. 2 , was proposed by zhao et al. [3] , which has attracted many researchers [4] [5] [6] [7] . The composite column with inside concrete filled steel tube may have advantages over either pure steel or reinforced concrete columns , with the inner concrete enhancing the stability , the tube confining the core concrete to a triaxial compressive stress state , and the outer concrete protecting the steel tube from high temperature , corrosion , etc. However, the reaction to axial compressive load is different reinforced by the concrete-filled core steel-tube, and established the load capacity formula of the column under axial compression and the limit value of the axial compressive ratio of calculation through the axial compression test and the cyclic reversed loading test of node model [8, 9] .
Generally, the concrete-filled steel tube(CFT) and peripheral reinforced concrete of the concretefilled core steel-tube reinforced concrete column could work together until damaged [8] .
However, the reaction to axial compressive load is different between the reinforced concrete column and the column with inside concrete-filled steel tube,which is due to the peripheral concrete of the composite column confined by the rectangular transverse reinforcement different from the concrete of the composite column confined by circular steel tube. Nie et al. analysed the influences of the transverse reinforcement ratio on the function of the composite column and the transverse reinforcement ratio in critical state was derived [10] .
Nie proposed the limits of the volume transverse reinforcement ratio as the failure criterion of the composite column, it was that the internal and external part could work together until the destruction when the volume transverse reinforcement ratio higher than the limits of the volume transverse reinforcement ratio, otherwise the external precede to damage. This theory seems to really solve the difficult of research and application of concrete-filled steel tube. however the limits of the volume ransverse reinforcement ratio is too large to achieve in engineering application. Nie also suggested that using the concrete ultimate strain out of the concrete-filled steel tube as the failure criterion of the composite column [11] . Obviously, it does not take full advantage of the loding capacity of the composite column with inside concrete-filled steel tube.
This paper presents a new type of concrete-steel composite column, concrete filled steel tube with outer steel plank reinforced concrete column, as shown in Figure 3 ., based on reviewing plentiful domestic and foreign researches on concrete-steel composite columns and analying the shortcomings of existing composite members. It is the evolution and development of this composite column based on steel encased concrete column and core steel-tube reinforced concrete column developed in recent years. It has better properties than existing composite members. Especially, the locations of the tube and angle steel lead to effectively improve the shearing, bending, torsion and bearing capacity of column components, improve the ductility and tenacity and make it have good mechanical performance.
In this paper, a concrete-filled steel tube with outer steel plank reinforced concrete stub column is All the tests were performed on a 5000 kN capacity universal testing machine. The test setup and instrument layout are shown in Fig. 4 . Eight strain gauges were glued to the flange of four angle steel at mid-height to measure the axial and lateral strains. Four strain gauges were glued to the external surface of the steel tube to measure axial deformations and perimeter expansion of the steel tube wall. Before testing, two 20mm thick clamping plates were bolted to the top and bottom of the specimens to enhance the strength at the ends. Two displacement transducers were placed between the top and bottom clampingplates to measure the axial deformation. Two displacement transducers were also used to measure the lateral deflection at one-third height of specimens. A computerized data-acquisition system was used to collect the load,the deformation and strain data. The load-longitudinal strain curvs for steel tube, angle steel and concrete of specimens for AC-1, AC-2 and AC-3 are shown in Fig. 6 . In elastic stage, longitudinal deformations of steel tube, angle steel and concrete of specimens were in consistent condition at the same load level. It was to say that steel tube, angle steel and concrete of column could work together during the initial partof the loading. Entering the decline period of the loading, three curves appeared obvious separation phenomenon, suggesting their deformation were not synchronous.
III. CONCRETE-FILLED CORE STEEL TUBE WITH OUTER STEEL PLANK COLUMN FEM MODEL
The typical sections of concrete-filled core steel-tube reinforced concrete columns are shown in Fig. 2 . In this paper, we used batten plates instead of the rectangular transverse reinforcement, and the angle steels, instead of main steel bars, were welded with batten plates, as shown in Fig. 7 .
The model parameters were defined as, the width b and height h of the section both were 200 mm, the volume ratio of the steel tube to concrete and the yield strength of steel tube and the other parameters were shown in Table 1 . The steel tube ratio in this paper is defined as the ratio of the cross section area of the steel tube to the overall one of the column. The position coefficient ,as defined above, reflects the relative ratio of the cross section area of the steel tube to the the peripheral concrete of the composite column, the value of the position coefficient is greater, the core constrained concrete part is bigger accounting for the entire section, and vice versa. Generally, the concrete strength confined by steel tube is greater than the one by angle steel plank, Fig. 13 shows that with the increase of the coefficient of position the bearing capacity of the column are obviously increase. In this paper such network was used as a classier, consequently the dimension of the output layer is equal to the number of fault classes to be detected. Here, the RBFNNs was used predicted the strength of the column based on measurement datum. such as the strength of the core concrete, the steel tube and the angle steel, the volume ratio of the steel tube and the angle steel, position coefficient. RBFNNs are employed for calculated the strength of the concrete-filled core steel tube with outer steel plank reinforced column, it shows that the neural network forecasting the loading capacity of the columns has a clear advantage as reasonable structure, quick convergence and high accuracy. The maximum and minimum error ratio of prediction is 11.32% and 4.17%, respectively. It reveals that the neural network has a widel application prospect in forecasting the loading capacity of the concrete-steel composite columns.
